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and efficiency of lactation in dairy cattle. A com-
mercially available feed supplement, containing cal-
cium salts of these isoacids, has recently been
introduced. The combined use of this product in
early lactation to improve feed efficiency when
dietary intake of nutrients cannot keep up with de-
mands, followed by exogenous growth hormone in
the last part of lactation, may be an economically
feasible method for the dairyman to increase milk
volume.
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Isoacids
-
An Overview
Daniel L. Rosener, DVM*
Eldon K. Uhlenhopp, DVM, MS * *
Recently there has been much excitement regard-
ing the use of isoacids as a feed additive. In the fall
of 1985, isoacids became available as a new FDA-
approved feed additive for dairy cows by Eastman®
Chemical Co., under the trade name Eastman
IsoPlus Nutritional Supplement. News releases in
1986 reported promising results obtained by Dr.
Steven Nissen at Iowa State University in research
with one of the isoacids, 2-ketoisocaproic acid. The
objective of this paper is to explain what isoacids
are, their mode ofaction, and the results of the early
feeding trails of IsoPlus™.
Isoacids are the branched ketoacids resulting from
the natural rumen degradation of their correspond-
ing amino acids. IsoPlus™ is the calcium salt of
four volatile fatty acids (isobutyric, isovaleric, va-
leric, and 2-methylbutyric). Valeric acid is a straight
chain 5-carbon fatty acid. The other three are iso-
acids (branched-chain fatty acids). Isobutyric, isova-
1eric' and 2-methylbutyric are produced in the
*Dr. Rosener is a 1986 graduate of the College of Veterinary
Medicine at Iowa State University.
**Dr. Uhlenhopp is an assistant professor in the Department of
Clinical Sciences at Iowa State University.
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rumen mainly by oxidative deamination and decar-
boxylation of the amino acids valine, leucine, and
isoleucine respectivelyl,2,3 (Figure 1). Valeric acid
is produced mainly from carbohydrate or from am-
ino acids such as prQline.2,4
Research has shown that supplementation of iso-
acids can increase milk production or weight gain
in ruminants. These nutrients boost milk produc-
tion by three ways. First, it improves ruminal diges-
tion of cellulolytic components (fiber). Secondly,
more microbial proteiP is produced. Thirdly, there
are extraruminal effects such as sparing of amino
acids at the mammary gland.
Isoacids are essential nutrients and enhance the
growth of fiber (cellulose /hemicellulose)-digesting
microorganisms in the rumen. 1,5 This results in
more efficient feed utilization, making more ener-
gy available for increased milk production. Isoacids
have a favorable resporise on rumen acetate produc-
tion as can be seen in Table 1. 5,7 Rumen acetate
production is a measure of the rate offermentation.
Supplementation of isoacids can potentially in-
crease microbial protein synthesis from nonprotein
nitrogen (NPN). In the rumen, microbes are able
to combine volatile fatty acids with NPN to form
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FIGURE 1: Metabolism of branched chain amino acids into isoacids.
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TABLE 1: Effects of isoacids on rumen acetate production.
Chemical
2-methylbutyric
2-methylbutyrate
2-methylbutyrate +
phenylacetic acid
Isoacid mixture
Isoacid mixture
Isoacid mixture
Roughage
Wheat straw
Corn silage
Corn silage
Pineapple tops
Corn stover
Sugarcane
Species
Hereford heifers
Lactating Holsteins
Jersey heifers
Sheep
Sheep
Sheep
Acetate production
(0/0 increase over control)
10
5
40
36
18
26
TABLE 2: Effects of supplementing corn grain and corn silage diets with isoacids on milk production.
Milk production Body wt. change
Trial kg/cow/day kg/cow/day
x SD x 'SD
Soy protein 24.0 6.6 .14 42
Urea control 19.8 3.4 -.48 .84
Urea plus acids 22.1 2.4 .09 .37
microbial protein. Although NPN is a less effec-
tive source of protein than natural protein and the
bypass proteins and amino acids, it is also less ex-
pensive. Isoacids provide the requisite C-skeletons
for NPN synthesis of microbial protein, allowing
NPN to approach the feed value of the natural
proteins8 (Table 2).
Unlike most feed supplements which exert their
effect solely by improving rumen digestion, isoacids
are thought to have an extraruminal effect as well.
These effects are not fully understood at this time.
It is thought that there are isoacid receptors in the
rumen and I or liver which generate a signal to in-
crease production of growth hormone.6,9 Some
university studies have shown that lactating cows
fed isoacids not only have increased levels of GH,
but also consistently lower insulin and blood glu-
cose levels. 1o,n It is generally believed that GH is
lactogenic and insulin draws nutrients away from
the mammary gland. This shift in plasma levels of
GH and insulin as a result of feeding isoacids favors
an increase in efficiency of nutrient utilization for
milk production. 6
In 1978, research2 ,6 was initiated at Michigan
State University, Cornell University and Virginia
Polytechnic Institute to study the efficacy of isoacids
on milk production. The cows did not consume sig-
nificantly more dry matter, and produced 10%
more milk (Table 3). Percent protein and butter-
fat % did not change significantly, but with the
increase in milk volume, Ibs. ofprotein and fat did
increase. Studies have since been carried on at 11
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land-grant universities corroborating these initial
studies.
In 1982, field tests12 were performed on isoacids
in Michigan. Table 4 shows the individual farm
responses from these Michigan Demonstration Farm
Trials. As the bar chart shows, the results varied
from a high of + 12.6#/cow/day to -2.6#/cow/day.
The pooled average of the cows that received IsoPlus
for 3 months was an increase in milk production
of 4.2#/cowI day. This average increase in milk
production was consistent with earlier university and
commercial trials which found about an 8-10 per-
cent (4-6#1 cowlday) increase in milk production.
The original IsoPlus product had a pungent odor
and was not as palatable to cows when fed pure or
topdressed as when it was mixed into the ration.
Eastman has improved the odor recently by ad-
ding ethyl vanillin as a masking agent, however,
care must still be taken to prevent any carryover of
odor in the milling and mixing equipment. IsoPlus
is available now in all dairy areas throughout the
U.S. The demand is greater in some areas than
others; probably depending on the results local
dairymen perceived when IsoPlus was first in-
troduced.
In addition, IsoPlus is difficult for a feed sales-
man to sell since it is more expensive than other
feed supplements and requires more time for the
dairyman, feed salesmen, and local veterinarian to
analyze production records to determine response
and cost-benefit. Some dairymen who tried the
product when it was fust introduced have had
17
difficulty in seeing or measuring the response and
stopped using it. Some of those dairymen have
decided to try feeding IsoPlus again especially when
they understand how and where to look for a
response. Eastman has put together a management
kit designed to help the dairyman and his veterinar-
ian chart his production and compare cows in simi-
1ar stages of lactation before and after the
introduction of IsoPlus.
The biggest complaint is probably the slow and
variable economic return,. Since IsoPlus acts on mic-
robes in the rumen whlch require time to adapt,
the product must be fed for a period of time be-
fore a response is seen. For this reason, it is best
to evaluate production effects in cows 30-90 days
in milk, and to compare them to a non-treated, but
otherwise similar, gtQup. Results of early Michigan
trials failed to take appropriate matching efforts.
These results, shown in Table 4,12 indicate tremen-
dous variability in response. Eight of fifty-four tri-
al farms showed no increase in production.
Furthermore, ifone assumes a 2#/cow/day increase
in milk production at milk prices of $12.50/ewt and
IsoPlus costs of$.25/cow/day, the data from 21 of
the 54 farms would indicate a response insufficient
to cover the treatment costs.
In contrast, if comparisons are made from herds
with both treatment and control cows paired by
TABLE 3. Effect of isoacids of various traits in lactating cows.1
Item Control Isoacids
Dry Matter Intake, % BW
Calving-105 days 3.21 3.24
106-210 days 2.94 2.90
305 day lactation 2.90 2.89
Milk Production, lbs. / day
Calving-105 days 63.9 70.5
106-210 days 46.5 50.7
305 day lactation 45.2 50.7
Fat Production, lbs. / day
Calving-105 days 2.31 (3.60)2 2.44 (3.49)
106-210 days 1.75 (3.68) 1.78 (3.48)
305 day lactation 1.69 (3.23) 1.81 (3.58)
Protein Production, lbs. / day
Calving-105 days 1.98 (3.15) 2.20 (3.14)
106-210 days 1.58 (3.42) 1.70 (3.33)
305 day lactation 1.49 (3.36) 1.68 (3.33)
1 Overall average of 3 University experiments.
2 Percent
TABLE 4
Weighted Pooled Analysis of 34 Control/IsoPlus Design and 20 Whole Herd Trials
Months Fed IsoPlus
1
2
3
No. of Cows Fed IsoPlus
3,532
2,970
2,417
Weighted Pooled Response
(Lb. Per Day)
1.4
2.9
4.2
*Includes all animals in milk except those freshening during the trail in the 20 whole herd farms.
18 Iowa State University Veten·narian
stage of lactation at initiation of IsoPlus feeding,
all cows and heifers calving during the IsoPlus trial
feeding period demonstrated a production increase
in excess of that needed to recover product costs.
All cows and heifers that were already in milk at
the onset of the IsoPlus feeding period failed to
recover product costs. This data is presented in
Table 5. 14 Using the same cost-benefit analysis es-
timates as were used above, an optimal response
of 4.2 additional pounds of milk per cow per day
would result in a return of $2 for each $1 invested
in IsoPlus.
Even with high rates of return, many farmers are
not willing to experiment with a new product dur-
ing economically troubled times. Farmers are try-
ing to cut comers wherever they can. Although such
investments as sound nutrition, herd health pro-
grams, and AI breeding are profitable, they can be
sacrificed to meet short term obligations. Marginal
producers who have been cutting corners would
probably be better off investing their money in the
above mentioned areas rather than in isoacids. As
Eastman says, "IsoPlus is designed for good
managers; it won't make a bad feeding program
good" .13
Many people feel that isoacids are more benefi-
cial in the higher producing cows. If isoacids in-
crease milk production by 8-10 percent, it makes
sense that the cow producing 20,000# of milk/yr.
is going to show more net production increase than
a cow producing 12,000# of milk/yr. As noted
above, it has also been shown that isoacids appear
to give the greatest response in early lactation. For
optimum results, Eastman™ recommends that
IsoPlus be fed only through the first 225 days of
lactation. In the last 80-105 days of lactation, the
milk response approaches an economic breakeven
point in the average herd.
The interactions between the bacteria, protozoa,
dietary materials, and the host animal are a com-
plicated ecosystem. Research on isoacids has helped
broaden knowledge of mmenal digestion. GH and
several nutritional supplements resembling isoacids
will probably be used. Although isoacids haven't
become the popular feed additive researchers ex-
pected them to be, a future for their effects exists
in dairy cows, beef cattle, and other livestock spe-
cies if further development proves their use to be
profitable.
TABLE 5: Results from Demonstration Trails on 34 Commercial Farms.
Number of
Commercial
Farms1
34
34
34
Milk
Production
Response l
Number of Cows
Stage at Months Mter of Fed IsoPlus
Lactation! Feeding IsoPlus Cows Lbs/Day
1 1,651 +0.7
Start Cows 2 1,434 + 1.3
and Heifers 3 1,177 + 1.7
1 202 +2.2
Fresh 2 146 +2.3
Heifers 3 75 +2.8
1 462 + 3.0
Fresh Cows 2 322 + 3.7
3 161 +4.2
1 Rolling herd average was 18,801 on these farms (range 16,038-22,500).
2 Start cows and heifers were those animals in milk (all stages of lactation) at the start of the trial. Fresh
cows and heifers were those animals that freshened (early lactation) during the trial.
3Average increase in milk production of Holstein cows receiving IsoPlus versus cows on the same diet,
but not receiving IsoPlus. Cows were fed IsoPlus either topdressed or in a total mixed ration.
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